INTRODUCTION 42 43
The ecological impacts of projected climatic change are likely to have a strong geographic 44 signal. For species that have geographic ranges constrained by temperature, warming may 45 facilitate population increases and range expansions at high latitudes while simultaneously 46 decreasing population sizes and contracting ranges at low latitudes (Parmesan and Yohe 2003) .
Other studies suggest that the consequences of warming will be more severe at lower latitudes, 48
where organisms may be more sensitive to fluctuating temperatures , 49 Tewksbury et al. 2008 , Dillon et al. 2010 . Differential responses of populations to warming at 50 high versus low latitudes also can be accompanied by community-level changes such as 51 increases in species diversity at high latitudes and decreases in species diversity at low latitudes 52 (Menendez et al. 2006 , Wilson et al. 2007 . 53 54 Other factors may obscure, or even ameliorate, the geographic signal of climate change on 55 ecological communities. For example, temperature increases are expected to be more 56 pronounced at high latitudes (Solomon et al. 2007 ). Local adaptation to historical climates, and 57 corresponding maladaptation to new climates, also may be more pronounced at high latitudes 58 (Pelini et al. 2009 ). Although individual organisms at low latitudes may be more sensitive to 59 climatic change than those at high latitudes, ecological communities at low latitudes could be 60 more resilient to environmental change because they are generally more diverse (Wittebolle et al. 61 2009 ). Yet, because most experimental studies of the effects of warming have been conducted at 62 single sites (but see Doak and Morris 2010), it is unclear whether warming will have differential 63 effects on the structure and function of similar communities and ecosystems across latitude and 64
Pelini et al. Page 4 of 32 diversity gradients. Here, we report the results of a temperature manipulation experiment on ant 65 community composition and foraging activity in deciduous forests that was conducted 66 simultaneously at two sites, separated by 8 degrees of latitude (~1000 km), in the eastern United 67
States. 68
69
We focused on ants because they are numerically dominant in many terrestrial ecosystems, and 70 their foraging activities, including seed dispersal, nectivory, granivory, predation, and 71 scavenging, cut across many trophic levels and can affect ecosystem processes such as nutrient 72 cycling (c.f. Hölldobler and Wilson 1990, Folgarait 1998 The warming experiment was conducted simultaneously at two sites, Harvard Forest ("northern 89 site") and Duke Forest ("southern site"). Harvard Forest is in central Massachusetts in the 90 northern hardwood hemlock-white pine transition zone (42° 31' 48"N, 72° 11' 24"W, 300 m 91 elevation above sea level (a.s.l.)). The mean annual temperature at Harvard Forest is 7.1° C and 92 the mean annual precipitation is 1066 mm. Our experimental site at Harvard Forest is in an ~70- rudis, has foraging and nest emigration distances shorter than 1m (Smallwood 1982) . To reduce 118 temperatures, we covered the top frame of 10 of the minichambers at each site with a 1 × 1 m 119 piece of shade cloth mesh that reduced solar gain by 80% but allowed for rain penetration to the 120 soil surface. To raise temperatures in 10 of the minichambers at each site, we attached clear 121 polyethylene sheeting to the top and along each side down to a height of 9 cm above the soil. 122
We punched 25 6-mm-diameter holes in a uniform pattern in the top polyethylene to allow for 123 rain penetration. We also established 10 control minichambers, which were PVC frames only. 124
We secured the legs of the minichambers to the ground with iron rods. 125 126 Under the forest canopy at both sites, we arranged the 30 minichambers in a completely 127 randomized design, with neighboring minichambers being separated by at least five meters. We 128 deployed the minichambers in April 2009, when many ant species actively move their nests 129 (Smallwood 1982) . We left the minichambers in place until the experiment was ended in 130 September 2009. 131 132
Temperature
We recorded air and soil temperatures in all of the northern minichambers with thermistors 135 connected to a Campbell Scientific data logger (CR100, Logan, Utah). At the southern site, we 136 measured air temperature in seven randomly-chosen minichambers of each treatment (i.e., 21 out 137 of the 30 minichambers) using iButton® electronic temperature sensors (Dallas Semiconductors, 138 Dallas, TX). We shielded all air temperature sensors from direct sun and rain and placed them 5 139 cm above the litter layer beneath the minichambers. 140 141 Though the minichamber treatments were implemented as one-factor ANOVA design with three 142 treatment levels (cooling, warming, control), there was substantial variation in temperature 143 within treatment groups due to microhabitat and other variables not manipulated in this study. and foraging activities, we used air temperature data in analyses of temperature effects on ant 153 composition and activity because soil temperature was not measured at the southern site. Soil 154 temperatures did track air temperatures similarly in the three minichamber treatments (i.e., the 155 differences between average soil and air temperatures were the same in the three treatments) at 156
Harvard Forest (ANOVA: F 2,37 = 1.6, P= 0.21; Figure 1 ). We are confident that the associations 157 we report between air temperature and ant community structure and foraging activities reflect 158 real responses to temperature change. Finally, we also calculated the average daily range of 159 temperatures by subtracting the daily minimum from the maximum for each minichamber and 160 used this variable to test whether or not diurnal variation in temperature affected the ant 161 communities that we studied. of an individual-based rarefaction curve measured at its base (Olsweski 2004 ). We used general 173 linear models to examine the relationship between PIE and temperature in the southern site, but 174 because of strong departures from normality in data from the northern site, we examined these 175 latter data using locally weighted scatterplot smoothing. We recorded the rate at which ants removed different kinds of baits to assess effects of 180 temperature on foraging activities. We used Demerara sugar grains (Signature Brands, Ocala, 181 FL) to estimate nectivory rates, live adult termites (Reticulatermes flavipes) to estimate predation 182 rates (Wilson 1971) , dead adults of R. flavipes or Tenebrio molitor (mealworms) to estimate 183 scavenging rates (Jeanne 1979) , and milled oat grain (Avena sativa) to estimate granivory rates 184 (Valone and Kaspari 2005) . We also measured rates of removal of seeds of wild ginger (Asarum 185 canadense), a native forest understory species that occurs at both sites and that has seeds with 186 eliasomes that are commonly dispersed by ants in the eastern US (Hölldobler and Wilson 1990) . Aphaenogaster rudis, the most common ant at the northern site did not vary with temperature (Χ 2 231 = 1.7; P = 0.19). 232 233
Foraging Activities 234
Across temperatures, foraging activities were higher at the southern site (seed dispersal: 700%; 235 nectivory: 130%; granivory: 1000%; predation: 200%; scavenging: 650%). However, when 236 foraging activity was standardized to account for differences in abundance at the two sites, per 237 capita foraging activities were substantially higher at the northern site (seed dispersal: 200%; 238 nectivory: 700%; granivory:16%; predation: 700%; scavenging: 300% higher at the northern 239 site). 240
241
At the southern site, per degree of warming, seed dispersal, nectivory, and granivory decreased 242 approx. 50% from the site averages for these activities (Figure 5, left panels) . At the northern 243 site, none of the foraging activities were altered substantially by temperature ( Figure 5 The different responses of ant communities to temperature at our two study sites also could be 287 associated with other factors that co-vary with latitude. Although the two study sites do share 288 many ant species and occur in similar deciduous forests, they differ dramatically in ant 289 abundance, diversity and foraging activity. Furthermore, historical differences in climate, 290 particularly temperature, and differences in seasonality may have been strong selective agents 291 that constrain responses to temperature. For example, cold temperate species may have higher 292 thermal maxima relative to ambient temperatures (Deutch et al.) such that species at higher 293 latitudes have to be warmed more to experience fitness consequences. 294
By manipulating temperature only during spring and summer, we focused on the effects of 296 warming on rates of foraging, development and potentially mortality during the active period of 297 ants in the two regions and avoided potential confounding effects of warming on winter survival. 298
When ants are most active, they respond to warming by shifts in foraging (and food intake) 299 and/or shifts in development in their present locations. At the hottest temperatures we observed 300 at the southern site, they may also respond through reduced activity or even mortality. Ants also 301 
